Nitrogen fixation by autotrophic green photosynthetic bacteria of the genus Chlorobium was first demonstrated by Lindstrom, Tove & Wilson (1950). We have now shown that the green heterotrophic photosynthetic bacterium Chloropseudomonas ethylicum can also grow with Nz as nitrogen source. The mechanism of nitrogen fixation by green bacteria has not been investigated and extracts with nitrogenase activity have not previously been prepared from this group of bacteria.
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Nitrogen fixation by autotrophic green photosynthetic bacteria of the genus Chlorobium was first demonstrated by Lindstrom, Tove & Wilson (1950) . We have now shown that the green heterotrophic photosynthetic bacterium Chloropseudomonas ethylicum can also grow with Nz as nitrogen source. The mechanism of nitrogen fixation by green bacteria has not been investigated and extracts with nitrogenase activity have not previously been prepared from this group of bacteria.
Chloropseudomonas ethylicum strain N 2, obtained from Dr N. Kondratieva, was grown in a modified Pfennig's medium with ethanol as substrate as described previously (Evans, I 968) . For growth under nitrogen-fixing conditions, ammonium chloride was omitted and the medium gassed with 95 % nitrogen, 5 % carbon dioxide. Chloropseudomonas ethylicum has been subcultured continuously for up to 3 months under these conditions. Growth was initiated by employing a 5 % inoculum of a N, grown culture, and after 48 h. growth the organisms were harvested with a continuous flow centrifuge. The paste was stored frozen until required.
Frozen paste was suspended I : 2 (w/v) in 0.02 M-tris-HCl (pH 7-3). The buffer was deoxygenated by bubbling with N, before use. The suspension was cooled in ice under argon for 5 min. and exposed to sonic oscillation under an atmosphere of argon or nitrogen using a Dawe Soniprobe on setting 8 for omi in. The broken suspension was centrifuged for 30 min. at 150,000g av. and the clear brown supernatant used as the crude extract without further treatment.
In some experiments oxygen-free 0.02 M-tris-HCl pH 7.3 containing 0.25 M-NaCl was used. Ferredoxin was removed by passing these extracts through an anaerobic 2 x 1-5 cm. column of DEAE cellulose equilibrated with the same buffer. Two ml. of an 0.1 M solution of NazS20, in the buffer were passed through the column to remove oxygen before the extract was introduced. Chlorophyll-containing particles were prepared essentially as described for particles from Chlorobium thiosulfatophilum (Evans & Buchanan, 1965) .
Enzyme reactions were carried out in 7.0 ml. glass vials sealed with Suba Seal rubber caps under an atmosphere of argon at 30' in a shaking water bath, and stopped by the injection of 0.1 ml. of 60 % perchloric acid. Nitrogenase activity was assayed by measuring the reduction of acetylene to ethylene (Dilworth, 1966) .
Ethylene formation was estimated by gas chromatography using a 6 ft x 4 in. column of Poropak R in a Perkin Elmer FII or Varian Aerograph 1400 gas chromatograph with a flame ionization detector. Ferredoxin was prepared essentially as described previously (Evans, Hall, Bothe & Whatley, 1968) . Preparations used in these experi-
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Short communication ments had extinction 390/280 ratios greater than 0.6. Protein was estimated by the phenol method, as modified by Rabinowitz & Pricer (1962) .
Chloropseudomonas ethylicum grew with N2 as sole nitrogen source. Nitrogen-fixing activity by intact organisms reached a maximum of approximately 28 nmoles ethylene/ ml. of suspension/min. 50 h. after transfer of ammonia-grown organisms to medium free of combined nitrogen. Nitrogen-fixing ability of intact organisms depended on light; acetylene reduction in the dark was less than 10 % of that in the light.
Untreated soluble extracts of Chloropseudomonas ethylicum catalysed the reduction of acetylene to ethylene (Table ~a ) in a reaction requiring a low potential reductant (sodium dithionite or pyruvate), ATP and an ATP-generating system. When pyruvate was used as reductant the rate of acetylene reduction was considerably stimulated by the addition of coenzyme A. The rate of acetylene reduction with pyruvate as electron donor was consistently higher than with dithionite. There was not an absolute requirement for the ATP-generating system with pyruvate as electron donor ; presumably some ATP was synthesized as a result of pyruvate oxidation by the phosphoroclastic system. After treatment of the crude extract with DEAE cellulose to remove ferredoxin, the pyruvate-dependent nitrogenase activity became dependent on added ferredoxin. Ferredoxin can be photo-reduced by chlorophyll-containing particles from green bacteria (Evans & Buchanan, 1965) . Acetylene reduction with ferredoxin photo-reduced by chlorophyll-containing particles prepared from C. ethyZicum required ATP, an ATP-generating system, MgCl,, ferredoxin, the particles and light (Table la) . We could not obtain photophosphorylation with these particles and so could not dispense with the ATP-generating system. The rate of acetylene reduction using the particles was similar to that with dithionite with equal amounts of nitrogenase. The particles could be replaced in this system by illuminated spinach chloroplasts, which confirmed that the role of the particles was the photo-reduction of ferredoxin. Although there was no absolute requirement for ferredoxin when dithionite was used as electron donor, ferredoxin from C. ethylicum stimulated the rate of acetylene reduction by DEAE-treated extracts three-to fourfold; the effect on untreated extracts varied according to their nitrogenase activities. Table I (b) shows the effect of ferredoxins from different sources on acetylene reduction by DEAEtreated extracts. Ferredoxin prepared from C. ethylicum grown with ammonia as nitrogen source stimulated the activity three-to fourfold. Ferredoxins from the purple photosynthetic bacterium Chromatium and from the anaerobic bacterium Clostridium pasteurianum were less effective than that from C. ethylicum, giving a 50 % stimulation; spinach ferredoxin had no effect and methyl viologen was inhibitory.
From these data it appears that the nitrogenase system from Chloropseudomonas ethylicum is similar to those of other bacteria. . It requires a low potential reductant (supplied as sodium dithionite or reduced ferredoxin), ATP and an ATP-generating system.
The ability of the enzyme system to use reduced ferredoxin is similar to the Clostridium pasteurianum system, in which ferredoxin reduced by the phosphoroclastic system can be used as electron donor. (Carnaham, Mortenson, Mower & Castle, 1960) . Ferredoxin may be reduced by two enzyme systems from Chloropseudornonas ethylicum, namely that which oxidizes pyruvate and the photochemical system. It seems unlikely that pyruvate oxidation is physiologically important during growth It may, however, be important during growth on other substrates. During growth on two-carbon substrates or autotrophically ferredoxin is probably reduced photochemically, and we have shown that a particle preparation from C. ethylicum will catalyse a light-dependent ferredoxin reduction which can then be coupled to nitrogenase. Yoch & Arnon (1970) have shown that in extracts of the purple bacterium
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Chromatiurn ATP required for nitrogen fixation can be generated photochemically by photophosphorylation, but they did not demonstrate light-dependent nitrogen fixation with their preparations. The marked stimulation by Chloropseudomonas ethylicum ferredoxin of the rate of acetylene reduction of DEAE-treated extracts (with dithionite as electron donor)
